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(54) A method for detecting crystal defects in a silicon single crystal substrate 



(57) This invention relates to a method for detecting 
crystal defects in a silicon single crystal substrate which 
contains a dopant with the concentration of at least 7.0 
x 10 16 atoms/cm 3 . In the method, a native oxide film 2 
on the surface of a silicon single crystal substrate 1 is 
removed, then copper 4 is deposited on the surface of 
silicon single crystal substrate 1, then the silicon single 
crystal substrate 1 is etched by an alkaline aqueous 
solution. Finally, the etched surface of silicon single 
crystal substrate 1 is observed by visual observation or 
by an optical microscope to evaluate crystal defects 3 of 
silicon single crystal substrate 1. 
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Description 

Related Application 

This application claims the priority of Japanese Pat- 
ent application No. 8-93618 filed on March 22, 1996, 
which is incorporated herein by reference. 

Backgroun d of the Invention 

1 . Field of the Invention 
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This invention relates to a method for detecting 
crystal defects in a silicon single crystal substrate for 
manufacturing a semiconductor device. is 

2. The prior Art 

One of methods for detecting crystal defects gener- 
ated in a silicon single crystal substrate includes the 20 
step of etching a silicon substrate made from the silicon 
single crystal ingot by using an etching solution com- 
posed of hydrofluoric acid, nitric acid, acetic acid and 
water or an etching solution composed of hydrofluoric 
acid, chromic acid and water. This method is regarded 25 
as the simplest, quickest and most cost efficient 
method. 

By etching the silicon substrate with the etching 
solution, so-called selective or preferential etching 
occurs wherein the etching rate is different between 30 
areas where there exist crystal defects and areas where 
there exist no crystal defects. Therefore, crystal defects 
can be detected by visual or optical microscopic obser- 
vation of the surface of the selectively etched surface. 

However, in the case of a silicon single crystal 35 
which contains arsenic or antimony in a high concentra- 
tion, at least 7.0 x 10 16 atoms/cm 3 , the etching rate is 
slower compared with the case when the dopant con- 
centration is lower, and differences between the etching 
rate in areas where there exist crystal defects and areas 40 
where there exist no crystal defects. In such a case, the 
selective etching does not allow the observation of crys- 
tal defects. 

For detecting crystal defects of the aforementioned 
silicon single crystals, the following methods have been 45 
used: 

(1) a method in which X-ray topographic images are 
taken; 

(2) a method which uses a transmission electron so 
microscope for observation; and 

(3) a method in which epitaxial growth is conducted 
on the substrate, crystal defects in the substrate are 
introduced into the epitaxial layer, the aforemen- 
tioned selective etching is conducted and then the ss 
etched epitaxial layer surface is observed. 

However, these methods have a problem in that 
they require an X-ray generator, an electron beam gen- 



erator or an epitaxial growth device. Therefore these 
method are neither simple nor quick in getting results. 
They are expensive as well. 

s Brief Summary of the Invention 



The object of the present invention is to provide a 
simple, quick and low cost method for detecting crystal 
defects in a silicon single crystal substrate. 

The invention according to the present invention 
provides a method for detecting crystal defects in a sili- 
con single crystal substrate, comprising the steps of: 
removing a native oxide film generated on the surface of 
the silicon single crystal substrate; depositing copper on 
the surface of the silicon single crystal substrate; etch- 
ing the silicon single crystal substrate by an alkaline 
aqueous solution; and observing the etched surface of 
the silicon single crystal substrate by means of visual 
observation or an optical microscope. 

The dopant of the silicon single crystal substrate 
may be selected from arsenic and antimony. 

The concentration of the dopant may be at least 7.0 
x 10 1 6 atoms/cm 3 . 

The copper depositing step may be selected from 
coating an aqueous solution containing copper ions on 
the surface of the silicon single crystal substrate and 
dipping the silicon single crystal substrate in an aque- 
ous solution containing copper ions. 

The copper concentration in the aqueous solution 
containing copper ions may be 5 ppm-2.000 ppm. 

Light irradiation may be conducted in the copper 
depositing step. 

The etching step uses an aqueous solution of 
sodium hydroxide or an aqueous solution of potassium 
hydroxide with a concentration of 0.01-2.5 mole/liter at a 
temperature of 5-95°C. 



Brief Description of the Drawing 

FIGs.1A-1D are section views showing a crystal 
defect detection process according to the present 
invention, in more detail; 

FIG.1A shows the silicon substrate on the surface 
of which the native oxide film is formed; 
FIG. IB shows the silicon substrate after the 
removal of the native oxide film; 
FIG.1C shows the silicon substrate on the surface 
of which copper is deposited; and 
FIG.1D is a section view of the silicon substrate 
after the etching step using the alkali aqueous solu- 
tion. 

FIG.2 shows an example wherein slip dislocations 
are observed by visual observation of the whole 
surface of the silicon substrate under a collimated 
light. 

FIG.3 shows an example of an area with slip dislo- 
cations shown in FIG.2 magnified by an optical 
microscope. 
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Embodiments 

Embodiments of the present invention are 
described below. 

First, a silicon single crystal substrate 1 is prepared s 
from a part of an ingot which has been pulled according 
to the Czochralski method. The silicon single crystal 
substrate 1 may be made according to a prior art 
method. The silicon single crystal substrate 1 should be 
free from mechanical damage due to mechanical treat- 10 
merit such as slicing at least in the region between the 
surface and a depth of several micrometers, so that a 
substrate, treated with a chemical etching by an etchant 
having substantially no selectivity for crystal defect but 
not yet treated with the mirror polishing process, is pref- 15 
erably used, however, a substrate which has been 
through the mirror polishing process may be also used. 
On the silicon single crystal substrate 1 , there is usually 
generated a native oxide film 2, and there are crystal 
defects 3, as shown in FIG.1A. 20 

The silicon single crystal substrate 1 is then dipped 
in an aqueous solution which contains hydrofluoric acid 
to remove the native oxide film 2 formed on its surface, 
as shown in FIG.1 B. The concentration of the aqueous 
solution of hydrofluoric acid and the dipping time may 25 
be determined according to desired conditions. The 
removal of native oxide film 2 can be verified by observ- 
ing the surface of silicon single crystal substrate 1 which 
becomes hydrophobic after being dipped in the aque- 
ous solution of hydrofluoric acid if there is no native 30 
oxide on the surface. 

Copper 4 is then deposited on the surface of the sil- 
icon single crystal substrate 1 from which the native 
oxide film has been removed, either by coating an aque- 
ous solution containing copper ions on the surface of 35 
the silicon single crystal substrate 1 or dipping the sili- 
con single crystal substrate 1 in an aqueous solution 
containing copper ions. Lihgt may be irradiated using a 
halogen lamp and such to accelerate the deposition of 
copper on silicon single crystal substrate 1 when coat- 40 
ing the aqueous solution containing copper ions on it or 
dipping it in the solution. The deposited copper diffuses 
from the surface toward the inside of silicon single crys- 
tal substrate 1 . The copper tends to accumulate more 
and penetrates deeper to form a precipitate in areas 45 
where crystal defects exist, as shown in FIG.1C. 

The preferable concentration of the copper ion in 
the aqueous solution may be 5-2,000 ppm. If the con- 
centration is below the lower limit, then the deposition of 
copper takes a long time, resulting in an inefficient prac- so 
tice. If the concentration is above the upper limit, then a 
large amount of copper will be deposited and dealing 
with it will be difficult, and this would not be economical 
since a large amount of copper nitrate and such would 
be required to prepare the aqueous solution containing ss 
copper ions. 

Then the substrate on which copper has been 
deposited is dipped in an aqueous solution of sodium 
hydroxide or potassium hydroxide, for example. Since 
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this separates the copper deposited on the surface of 
the substrate from the surface, the surface of the silicon 
substrate is exposed and etched. The etching proceeds 
faster in crystal defect areas where the copper precipi- 
tate is formed, and therefore after the etching they can 
be observed as etch pits 5 by means of an optical micro- 
scope, as shown in FIG.1D. 

Ttie concentration and the temperature of the afore- 
mentioned aqueous solution of sodium hydroxide or 
potassium hydroxide may be 0.01-2.5 mole/liter and 5- 
95°C, respectively. If the temperature and/or the con- 
centration is lower than the lower limit, then the etching 
of the surface of the substrate will take a long time, 
resulting in an inefficient practice. If it is higher than the 
upper limit, then etching will be too fast, making it hard 
to observe the crystal defects. 

By carrying out the aforementioned processes, 
crystal defects of a silicon single crystal can be 
detected. Particularly in the case of a silicon single crys- 
tal substrate containing as a dopant a high concentra- 
tion, at least 7.0 x 10 16 atoms/cm 3 , of arsenic or 
antimony, the aforementioned simple, fast and low cost 
technique allows the detection of crystal defects without 
using an expensive and time consuming apparatus 
such as an X-ray generator, electron beam generator or 
epitaxial apparatus which used to be required. 

Examples 

Examples of the present invention are described 
below. 

(Example 1) 

A substrate with a diameter of 150 mm and a thick- 
ness of 650 micrometers which had been treated with 
chemical etching by an etchant having substantially no 
selectivity for crystal defect was prepared from a silicon 
single crystal ingot prepared with the Czochralski 
method. This ingot had a crystal plane orientation of 
(100), was doped with 2.0 x 10 19 atoms/cm 3 arsenic 
and had crystal defects (slip dislocations). This sub- 
strate was dipped in a 25% hydrofluoric acid aqueous 
solution for 5 minutes to remove the native oxide film on 
the surface. It was then dipped in a mixed aqueous solu- 
tion of copper nitrate and hydrofluoric acid with a copper 
ion concentration of 100 ppm (the temperature of the 
aqueous solution was 23°C) and held for 10 minutes 
while being irradiated by light from a halogen lamp to 
deposit copper on the substrate surface. This substrate 
on which copper had been deposited was then dipped 
in an aqueous solution of 0.089 mole/liter sodium 
hydroxide for one hour (the temperature of the aqueous 
solution was 23°C). The silicon substrate was etched 
approximately 0.7 micrometers from the surface, and it 
was possible to observe areas with slip dislocations as 
etch pits by visual observation under a collimated light 
or by optical microscopic observation. FIG.2 shows a 
top view of the slip dislocations observed by visual 
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observation under a colli mated tight, and FIG.3 shows a 
top view of the slip dislocations (etch pits) observed by 
optical microscopic observation. 

(Example 2) 

Example 2 was carried out in the same manner as 
Example 1 except for the fact that a silicon substrate 
with slip dislocations prepared from a silicon single 
crystal ingot with a crystal plane orientation of (111) 
doped with 7.0 x 10 18 atoms/cm 3 antimony was used. 
The silicon single crystal substrate was etched approxi- 
mately 0.13 micrometers from the surface. It was possi- 
ble to observe areas with slip dislocations as etch pits 
by optical microscopic observation or visual observation 
under a collimated light. 

(Example 3) 

Example 3 was carried out in the same manner as 
Example 1 except for the fact that the concentration of 
the sodium hydroxide aqueous solution was 1.0 
mole/liter. The silicon single crystal substrate was 
etched approximately 0.9 micrometers from the surface. 
It was possible to observe areas with slip dislocations 
as etch pits by optical microscopic observation or visual 
observation under a collimated light. 

(Example 4) 

Example 4 was carried out in the same manner as 
Example 1 except for the fact that a 0. 1 mole/liter potas- 
sium hydroxide aqueous solution was used for the alka- 
line aqueous solution. The silicon single crystal 
substrate was etched approximately 1.7 micrometers 
from the surface. It was possible to observe areas with 
slip dislocations as etch pits by optical microscopic 
observation or visual observation under a collimated 
light. 

(Comparative example 1) 

Comparative example 1 was carried out in the 
same manner as Example 1 except for the fact that the 
concentration of the sodium hydroxide aqueous solution 
was 2.6 mole/liter. The silicon single crystal substrate 
was etched approximately 3 micrometers from the sur- 
face. It was possible to observe areas with slip disloca- 
tions as etch pits, but they were not clear. 

The examples described above targeted slip dislo- 
cations as crystal defects, but it was also verified that 
the detection method of the present invention was appli- 
cable for point defects such as lattice vacancy, intersti- 
tial oxygen and oxide precipitates as well as secondary 
defects caused by them. 
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single crystal substrate, comprising the steps of: 

removing a native oxide film generated on the 
surface of the silicon single crystal substrate; 
depositing copper on the surface of said silicon 
single crystal substrate; 
etching said silicon single crystal substrate by 
an alkaline aqueous solution; and 
observing the etched surface of said silicon sin- 
gle crystal substrate by means of visual obser- 
vation or an optical microscope. 

The method for detecting crystal defects of claim 1 
wherein: 

the dopant of said silicon single crystal sub- 
strate is selected from arsenic and antimony; 
and 

the concentration of the dopant is selected to 
be at least 7.0 x 10 16 atoms/cm 3 . 

The method for detecting crystal defects of claim 1 
wherein: 

said copper depositing step is the step selected 
from coating an aqueous solution containing 
copper ions on the surface of said silicon single 
crystal substrate and dipping said silicon single 
crystal substrate in an aqueous solution con- 
taining copper ions. 

The method for detecting crystal defects of claim 3 
wherein: 

the copper concentration in said aqueous solu- 
tion containing copper ions is 5 ppm-2,000 
ppm. 

The method for detecting crystal defects of claim 1 
wherein: 

light irradiation is conducted in said copper 
depositing step. 

The method for detecting crystal defects of claim 1 
wherein: 

said etching step uses an aqueous solution of 
sodium hydroxide or an aqueous solution of 
potassium hydroxide with a concentration of 
0.01-2.5 mole/liter at a temperature of 5-95°C. 



Claims 



1. A method for detecting crystal defects in a silicon 
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FIG. 1C 



FIG. 1D 
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